Pathogenesis of methanol-induced craniofacial defects in C57BL/6J mice.
Methanol administered to C57BL/6J mice during gastrulation causes severe craniofacial dysmorphology. We describe dysmorphogenesis, cell death, cell cycle assessment, and effects on development of cranial ganglia and nerves observed following administration of methanol to pregnant C57BL/6J mice on gestation day (GD) 7. Mice were injected (i.p.) on GD 7 with 0, 2.3, 3.4, or 4.9 gm/kg methanol, split into two doses. In embryos of mice treated with 0 or 4.9 gm/kg methanol, we used histology and LysoTracker red staining on GD 8 0 hr through GD 8 18 hr to examine cell death and dysmorphogenesis, and we also evaluated cell-cycle distribution and proliferation using flow cytometry (FCM) and BrdU immunohistochemistry. On GD 10, we evaluated the effect of GD 7 exposure to 0, 2.3, 3.4, or 4.9 gm/kg methanol on cranial ganglia and nerve development using neurofilament immunohistochemistry. Methanol treatment on GD 7 resulted in reduced mesenchyme surrounding the fore- and midbrain, and in the first branchial arches, by GD 8 12 hr. There were disruptions in the forebrain neuroepithelium and optic pit. Neural crest cell emigration from the mid- and hindbrain region was reduced in methanol-exposed embryos. Methanol had no apparent effect on BrdU incorporation or cell-cycle distribution on GD 8. Cell death was observed in the hindbrain region along the path of neural crest migration and in the trigeminal ganglion on GD 8 18 hr. Development of the cranial ganglia and nerves was adversely affected by methanol. Development of ganglia V, VIII, and IX was decreased at all dosage levels; ganglion VII was reduced at 3.4 and 4.9 gm/kg, and ganglion X was reduced at 4.9 gm/kg. These results suggest that gastrulation-stage methanol exposure affects neural crest cells and the anterior mesoderm and neuroepithelium. Cell death was evident in areas of migrating neural crest cells, but only at time points after methanol was cleared from the embryo, suggesting an indirect effect on these cells. Birth Defects Research (Part A), 2004. Published 2004 Wiley-Liss, Inc.